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(Paper No. 3313.) 

“ Some Experiments on Conjugate  Pressures in  Fine Sand, 
and their  Variation  with the Presence of Water.’’ 

By GEORGE WILSON, D.Sc., Assoc. M. Inst. C.E. 

T H E  results of experimental  investigation  have  hitherto, in  general, 
tended  to show that  the  actual  lateral pressure of earthwork is 
much  less than  that deduced from theoretical considerations. The 
assumptions upon which  the  theoretical  treatment of the subject 
is based are, however, just those which  are  not  usually realized 
in  experiment,  and hence the  results of the  two  are  not capable of 
exact comparison. Formulas based upon the Coulomb wedge- 
theory  give  the maximum thrust which could occur if the wedge 
broke off along  a  certain plane, and  fracture does not necessarily 
tend to take place in  that  manner;  whilst, if the  Rankine formula 
is used, care must be taken to eliminate  the effect of the wall itself 
in  supporting  the mass, and to obtain  the  material  in  the condition 
specified by Rankine-precautions  which apparently  have not 
hitherto been observed. 

Two noticeable features of most of the  experiments made with 
the object of obtaining  the  lateral pressure  are ( I )  the  large depar- 
tures of some of the  results from the mean value, and (2) the 
difference between the mean result  and  the  value  given  by theory. 
The Author,  therefore,  undertook the  experiments described in  the 
following Paper,  in  the first instance to examine the causes which 
tend  to produce these departures from the mean result,  and 
second, having obtained the necessary information on this head, 
to  measure the  ratio between the horizontal and  vertical pressures 
and to compare it with  the theoretical  ratio. 

The expression obtained  by Rankine’  to represent  the  least 
intensity, p ,  of the  horizontal pressure necessary for equilibrium 
at  any  depth, h ,  in a mass of granular  material of weight W lbs. 
per cubic foot is, when the ground  surface is horizontal, 

1 - sin U 
1 + sin a 

’ Ilankine, ‘‘ Applied Mechanica,” p. 216. 

2’ = uf h, 
~ ~~~ ~~~ ~ ~~~~ 
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where p is  in Ibs. per square foot, and a is the  natural  angle of 
repose of the  material.  This  formula  refers  to  the horizonbal 
pressure a t  a sufficient  distance from the neighbourhood of any 
confining  walls, and depends upon the following principle:‘- 
‘‘ The resistance to displacement by  sliding  along a given plane 
in a loose granular mass, is  equal  to  the normal  pressure exerted 
between the  parts of the mass on either  side of that plane, 
multiplied by a specific constant.” The specific constant  is  the 
coefficient of friction of the mass, and is equal  to  the  tangent of 
the  angle of repose. 

It will be seen that  the resistance  to sliding, even in  the  driest 
sand obtainable for ordinary use, is never completely expressed by 
the  foregoing  statement ; there is always  an adhesive  action due 
to  moisture deposited on the surface of the  grains, and hence even 
fine dry sand will  not  give  results consistent with  theory unless 
precautions are  taken  to reduce this  action to a negligible  quantity. 
Again,  if the size of the  grains is increased, to reduce this action, 
the dimensions of the mass experimented on must be likewise 
increased before the  material  will fulfil the conditions  enunciated. 

Boussinesq2 has presented the  Rankine formula in a more 
developed form, to  include the action of a vertical wall-face, 

Let 4 = the  angle of friction between the wall-face and the sand, 
thus :- 

and a z =  . and let X = the horizontal  distance from the 1 - sin a 
1 + sin a’ 

wall-face, and h = the  vertical  depth below the surface. 
Then for X less than a h- 

Horizontal pressure = 
tu ( h  + X tan 4) a2 

l + a tan 4 

Vertical 
W ( h  + tr: tan $1 

1 + a tan 
- - .. 

9 9  - 
Ratio = u2 as before, whilst  at  the wall-face m = 0, and these 

W h &  W h  
become and the  tangential force in  the 

1 + a tan 4’ 1 + a tan 4’ 
W a? h tan (p 
1 + a tan 4- face = Thus it may be seen that  the  in0uence of 

the  valls  will not affect the  ratio of the pressures, although it 
affects the pressures themselves. 

The measurement of the  natural  angle of slope of the sand was 
carried  out  by  the  Author  in  two ways. First, the sand  was 

1 Rankine, ‘‘ Applied Mechanics,” p. 212. 
Minutes of Proceedings Inst. C.E., vol. lxv. p. 214. 

[THE INST. C.E. VOL. CXLIX.] P 
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placed i n  a box having a sliding end, and the box was  tapped, 
after  which  the  end  was opened gently.  When  the sand had 
assumed a  position of rest  the slope was measured by  taking  ver- 
tical offsets at  three  points 49 inches apart.  The values  obtained 
were :- 

- Tan a. ~ a. ' Sin a. 
~- .. ~~~ .. ~~ _- 

3hximum . . . . . . . .  0,647 32 53 0.543 
Minimum . . . . . . .  0,567 29 32 ~ 0.493 
&leen . . . . . . . .  0,615 31 44 ' 0.526 

. o  t 

~ l 

s i x  experiments were made, the sand being allowed to  stand for 
periods  of time  varying between a few minutes  and 19  hours. 
I n  the second method, the  sand was placed in a heap  and tappecl ; 
the following are  the values of t.an a obtained in  this  way :- 

- j Tan a. (L. Sin a. 
.___ --- I O  # 

--- 
Maximum . . . . . . .  l 0.590 ~ 30 36 

0.500  Unimurn . . . . . . .  ' 0.578 ~ 30 0 
0.509 

0.504 Mean . . . . . . . .  0.584 ~ 30 16 
l 

From these results  the following are  the values  obtained for 
1 - sin a. 
1 + sin a 
.- .- 

Masimum. Minimum. 
0.339 0.296 

Mean. 
0.320 

The first experiments made by  the  Author were  carried out on 
a small scale in  a box holding  about 2 cwts. of sand, and wide 
enough to  avoid the influence of the sides upon the results. The 
sand chosen was  that  known  as fine Calais sand,  which probably 
most closely resembles the  granular mass postulated by Rankine. 
The  apparatus used was  small, so that a large  number of experi- 
ments could be  made under different conditions. The  results 
obtained  are  not of direct  quantitative value, but were of impor- 
tance  in  determining  the best arrangement for the  later  experi- 
ments. The  horizontal pressure  was deduced from measurements 
of the  limiting  friction between the  sand  and a thin steel scale 
18.4 inches in length  by 2$ inches in  width ancl 0.04 inch  in 
thickness, inserted  vertically  to different depths in the sand. The 
pull necessary to  withdraw  the scale in  each case was carefully 
measured. In order to obtain  the coefficient of friction, p, between 
the  metal  and  the sand, the scale was +,hen laid horizontally  under 
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a variable load and  the  pull necessary to move i t  was  again 
determined. The  results  obtained were of the form- 

p = d + ~ p - ~ ' "  

where p = the pressure and p = the coefficient of friction between 
the  sand  and  the scale, d and c being constants. 

If it is assumed that  the  lateral pressure p = 7c h, where k is a 
constant, then  the value of the  tangential  stress on the [scale, 
when  in  the  vertical position, would be.- 

PP=aP + cP0,28 = k h + c 38 ]&0'38 

and  integrating between o and h- 

which may be written P = 111 h 2 +  Nh'.s8. 
Next,  considering the  pull necessary to  withdraw  the scale 

*hen vertical,  this form of equation for P was  found to fit the 
mean experimental  values  with reasonable accuracy,  thus- 

P = 0.434 ha+ 29.18 h"38 
the  values  being  the  following :- 

Depth in Inches. I P by Experiment. IP=O.434 hz+ 29-18 h1's8.1 Difference. 

5 
7 
9 

279.8 .. 
449.1  -1.52 

610.4 .. 

Thus  instead of P varying as hZ i t   is  seen that  there is a 
second term introduced, which  will become relatively smaller as 
h increases. Thus  at  great  depths it follows that  the  total  hori- 
zontal  pressure will  vary as the  square of the  depth,  but  near  the 
surface it will  not follow this  law exactly, but  will be reduced 
somewhat. Two causes contribute  to  this effect, viz. :-(l) The 
sand being  continually re-made, and its grains  having a large 
affinity  for  moisture, it would naturally be affected by changes in 
the hygroscopic  condition of the atmosphere, and  any moisture 
condensed would, after  the  manner  already explained, tend  to hold 
the  grains  together;  and (2) variations in the  rate  at which the 
pull is increased would naturally affect the  resisting power of 
grains bound together in this manner. 

Experiments were  made to investigate these  points, using glass 
P 2  
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scales  instead of steel,  as  the effect of the moisture on the glass is 
greater  than on steel.  Keeping  the  pressure  and  the  rate of 
increase of pull  constant, the results  obtained are shown in Fig. 1. 

Fig. 1. 

b 4.7 4.8 4 

PRESSURE l 0 7  GmS. PER SQ. I N .  RATE 1,S-I.S GMS. PER SEC.  
MO1STURL:GRAINS PER CUBIC FOOT OF AIR.  

T l 

RATE:  GMS P E R  SECOND. 

3 

Under  the  conditions of this experiment the  alteration was 0.0308 
for  an  increase of moisture of 1 grain  per  cubic foot of air.  Examples 
of the  results of one hundred  and  fifty  experiments on the effect 
of the  rate of loading  are shown in Fig. 2. In  every case the 
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value of the coefficient diminished  as  the  rate of loading increased. 
That  the  rate of change of the coefficient  of friction  with respect 

to  the  rate of loading, or -, decreases as the pressure  increases 

is shown by Fig. 3. Thus  with  dry sand these effects ought to  be 
negligible at  high pressures, whilst  with  wet sand the  higher  the 
pressure the less is the effect of water,  and consequently the  greater 
the  ratio of the pressures as  the pressure increases. 

Rankinel  has mentioned the effect of water on the stability 

d P  
d r  

of the  material,  but  apparently  had  not completely realised 

Fig. 3. 

t 

! 
oc 

PRESSURE: G m 5  PER S Q U A R E  INCH.  

c-, 

its 

character. Microscopical examination of met grains  mill show the 
moisture enveloping  the  grains  like a skin. On two  grains  being 
placed together a  neck of moisture  is formed between them  and 
the surface-tension across this neck pulls  the  grains together. 
This is the cohesive force which  tends  to hold the mass together 
and  to increase its  angle of  repose. A similar effect can  be 
observed with hollow  glass globes about  inch  in diameter 
suspended by parallel threads. A drop of water placed between 

I Rankine, “Civil Engineering,” p. 316. 
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the globes will  enable  the  threads  to assume a considerable angle 
with  the  vertical before the globes are separated. Further con- 

Figs. 4. 

I SECTIONAL t  ELEVATION^ 

firmation of this 
action  was ob- 
tained  by means 
of a whirling  table 
upon which sand 
was  scattered. By 
breathing upon the 
sand and  the  sur- 
face of the  table 
the coefficient of 
friction  was in- 
creased from 0.3G 
to 1 9. The effect 
ofwaterinthesand, 
therefore,  reduces 
to a traction be- 
tween each pair of 
adjacent  grains. If 
the  water is in- 
creased the force 
will increase up to 
a certain  point ; 
further  additions 
to  the percentage 
ofwater  in  the  mix- 

INCH ture  will reduce 
the force, but  as 
long as the  inter- 
stices are  not  en- 

EDGES 

tirely filled with 
water  there  will be 
some force acting 
betweenthe  grains, 
and hence the  ratio 
of horizontal to 
vertical pressure 
should be less than 

The  information 

S E C T I O N A L  P L A N  
SCALE :- 1% INCH I FOOT that for dry sand. 

113* m I P 3 5 e 7 9 v 10 I, IeltlCHls 

gained from these preliminary  experiments  enabled  the  Author  to 
construct an appliance to test these conclusions. To  eliminate 
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or reduce to  negligible dimensions the  “rate of loading”  and 
“ atmospheric moisture ” effects, it was necessary to use large 
pressures, and  the  apparatus was  therefore used in  conjunction 
with a 100-ton testing machine. Pressures equal  to  that  due 
to a depth of 1,341 feet were reached. The  appliance consists 
of a vertical  cylinder,  in  which  the  material was compressed 
by means of two  flat  disks,  which were forced together be- 
tween the compression tables of the machine, as shown in 
FigS. 4. The  ratio of the  intensities of the llorizontal and 
vertical pressures was measured by means of a suitable pressure- 
gauge  inserted at  the  centre of the mass of sand. A satisfactory 
gauge  was procured only  after  several different  designs had been 
tried  and rejected. I t  is necessary that  the motion of the 
pressure  face of the  gauge  shall  be  very  little,  in order to keep 
the effect of the  friction of the  sand  within reasonable limits. 

Fig. 5. 
k- ................. ay; ............... ’ 

I ,  >I ; 

; I ;> 

r 
l ,  , I  ................. 
. ,  I .  
I ,  , ,  , I ,  ............. ............. : :  

SECTION OF GAUGE 
SCALE:-6 INCHES-IFO:T 

INCH I y+ Y Ye 0 8 3 l l C H 1 S  

For,  with a weak gauge, i t  is possibIe by tapping  to cause the 
gauge-face to deflect too far,  and  then  the  friction of the sand acting 
against it prevents  its  return  to  the correct  position. A section 
of the  gauge used is shown in Fig. 5. Two forged tool-steel 
disks, A and B, were turned to shape  and  separated  by a ring, 
CC, turned  out of the disk A to  a  definite depth  and thickness. The 
chamber D between the  disks was filled with mercury, and was 
connected by means of the passage E to the  gauge-tube F. The 
tube F, of steel, has a length of 4 or 5 inches  and  then is replaced 
by a thick glass tube of fine bore, which is bent  to a right  angle 
and is inclined at  an angle of 45’ to  the face of the  disk A. Thus, 
whether  the face of this disk is horizontal or vertical, the gauge- 
tube  is  always  inclined at an  angle of 45‘. A scale was fixed on 
the  gauge-tube  having  graduations 0, 1, 2, 3, etc., spaced g inch 
apart.  The passage G was used for  filling  the gauge. The  disks 
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A and B were  held together  by  twelve set-screws, and as the edge 
of the  ring CC and  the face of disk B were hardened  and  ground 
together a perfectly  tight fit was obtained. The  guard-ring K 
served to keep the  side pressures  from  influencing the  results 
appreciably. Any pressure on A and B compresses the  ring CC 
and  drives  the  mercury  up  the  glass  tube  to a certain  height. I t  
is thus possible, by  driving  the  mercury  up to the same height 
each time, to  adjust  the load with considerable accuracy. 

I n  order to  get over the difficulty introduced  by  the  support 
given  to  the  sand  by  the  vertical walls of the chamber,  these  walls 
were  suspended and balanced so that  they were free  to move 
vertically  with  the  sinking of the sand, Figs. 4 ; and, to eliminate 
the effects of other  disturbing influences as  far  as possible, the  walls 
were gently tapped during  the  application of the pressure. I n  
Figs. 4 the  apparatus is shown in position ready for use, wit11 a 
ball-and-socket joint on the  top  plate  to equalise the  distribution 
of the  thrust. 

When  making  an  experiment,  the base-plate and lower ring were 
first  put  into position, the  latter  being  supported on suitable 
packings. Sand wa,s then introduced and rammed and  tapped 
until no further  settlement was observed. The  gauge was then 
placed in  position, with  its faces horizontal  an&  the  gauge-tube 
projecting  freely  through  the hole in the side of the rings. The 
upper  ring  was  then  put on and filled with well-rammed sand. 
The  top disk and ball-and-socket joint were then added, and  the 
whole was rammed home by  putting on the load whilst  the pack- 
ings  were still in  position. The effect of the  walls  in  supporting 
the sand was  very noticeable, as a  much greater load was  required 
to bring  the  mercury  up  to  any assigned mark  when  the packings 
were in  position and  the  walls  rigidly  supported  than when they 
mere free. After  the wedges had been removed the  mercury was 
driven  up  to  the  first  mark  by  applying  the pressure. On reaching 
this  point  the l o d  was taken  and  the pressure  was again  applied 
until  the  next  mark  was reached. By  this means the  increment 
of load necessary to raise  the  mercury from any one mark to the 
next was  obtained. The  gauge was then  set  with  its faces vertical 
and  the process was repeated. By taking  increments of load, zero 
errors and  errors  due  to  initial  want of balance  were  eliminated. 
The  ratio of the  increments of load in  the  two cases then  gives  the 
ratio of the pressures, i.e., the  ratio of the  horizontal  and  vertical 
pressures in  the  material. 

Experiments were  made in  this manner  with  dry  sand  and  with 
sand  containing (1) 6 per cent., (2) 12 per cent., and (3) 17 per 
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cent., by  weight, of moisture. It was calculated that if the  grains 
were regular, 18 per cent. to 19  per cent. of water would fill up 
the  interstices  in  the  sand and reduce i t  to  the consistency of 
mud. When  actually mixed with 18 per cent. of water it was 
found that  the  water  drained  out  and could not be  held in  the 
sand ; 1 7  per  cent., however,  remained in  the  mixture. 

The following are  the  results obtained in  the  various experi- 
ments :- 

(l) DRY SAND. 
(a) Gauge-face Hwyzontal. 

Increment of load i n  tons . . . 
9 )  ,, . . . 

,, . . . 
,> . . . 

Mean iucrement of load in tons . 

( h )  Gauge-face Vertical. 

1 to 2. 

Increment of load in tons . . . i 8.17 
,, ,, . . . ~ 8'69 

,, . . . 9.09 
,, . . . 9.32 
,( . . . 9.07 
,, . . . 8.90 
,, . . . 10'19 

~ 

,, * . . ~ 9.42 

Mean increment of l o r d i n  tons . 9'11 ' 9.24 ~ 9.08 8.46 
l l i 

Hence mean ratios of horizontal  to  vertical pressures are :- 

Scale Divisions. 

i 1 to2. 2 to3.  j 3 t o 4 .  %leans. 4 t 0 5 .  __--- --__--- 
' 2.853 

0.319 0'336 i .e .  . . . . . . ' 0.313 1 0.305 1 0.320 

Ratios . . . . 2.857  2.844 
2.821 1 2.911 .( Fr 9;08- 8.97 8.46- 

i 

Therefore mean experimental rat io for dry sand = 0.319. 

Downloaded by [ Syracuse University] on [13/09/16]. Copyright © ICE Publishing, all rights reserved.



218 WILSON ON CONJU~ATE PRESSURES IN FINE SAND. [Selected 

(2) SAND WITH 6 PER CENT. OF WATER, BY WEIGHT. 
(a)  Gaugelface Hotizontat. 

I kale Divisions. 

Increment of load iu tons . . 
~ ~~ . 

I ,  * . 
,, . . 
,, . . 

Mean increment of load in tone 

Hence ratios of horizontal to vertical pressures are :-- 

l Scale Divisions. 

Therefore mean experimental ratio is 0.221. 

(3) SAND WITH 12 PER CENT. OF WATER, BY WEIGHT. 
( a )  Gauge-face Horizontal. 

Scale Divisions. 
- 

0 to l. 1 1 toa. 1 2 to3. 1 S to 4. 1 4 to 5.  
-p----- 

Increment of loadin tons. . 1 1.855 ' 2.025 2'015 1 2.045 2,065 

.. . . 1.950 2.220 2.135 ~ 2.140 2.115 
,9 ,, . . 1.960 1 2.075 1 2'040 1 2.233 1 2.040 
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( b )  Gauge-face Vertical. 

l 
I OtOl. 

9 ,, . . : 1 10.29 

- 

Increment of load in tons. . . i 8.65 

., . . . ' 13.22 

S-- 

,, ,, ,, . . . 10.69 

2 ,  * ' 10.67 

Mean increment of load in tons . 1 10.71 

Scale Divleluna. 

1 to 2. 2 to 3. 

8 .85 8.08 
8.67 

.. 9.54 
9.34 

.. 9.70 

.. 

9.22 8.08 
-...--- 

I I I 

Readings not taken past  division 3. 

Mean increment of load  for one scale-division, gauge-face hori- 
zontal = 2.081. Mean increment of load for one scale-division, 
gauge-face vertical = 9.79.  Hence mean ratio of horizontal to 

vertical pressures = __ = 0.21 2. 2.081 
9 . 7 9  

It will be seen that as the pressure  increases the effect of the 
water is diminished  and  the  ratio is increased. 

Thus, for  scale-division 0 to 1 the  ratio is ___- = 0 179 ; for 

scale-division 1 to 2 it is 0.233;  and for scale-division 2 to 3 i t  is 
0.263. 

1 924 
10 .71  

(4) SAND WITH 17 PEB CENT. OF WATER, BY WEIQHT. 
(a) Gawge-face Horizontal. 

Scale Divisions. - - 

1 Otol. 1 1 t o 2 .  I 2 t o 3 .  4 t o 6 .   3 t o 4 .  
-_.------- 

Increment of load in tons . . l 2.40 

2'21 
2.30 l 2.42 

2.20 Meanincrementof  loadin tons 1 2.20 

2.39  2.66  2.45 2.23 ,, . . 2.10 

2.02  2.30  2.02 2.06 
1, , ,, . . , 2.09 2.21  2'30  2.44 2-32 

--------- 

&ale Divisions. 

0 to 1. 1 1 to 2. 1 2 to3.  

Iucremont of load  in tons. . 6.87 1 7-27 6.86 
, , .  . 3 . I 8.80 8.37 , 7.66 
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Hence mean increment of load for one scale-division, gauge-face 
horizontal = 2.266. And mean increment of load for one scale- 
division, gauge-face  vertical = 8 * 096. 

Therefore mean experimental  ratio = ~~~ = 0.280. 

These results  are represented graphically  in Fig. G. They  may 

2.266 
8.096 

be expressed by  the equation- 

where k is the  percentage of moisture and R the  ratio. 
(k - 9.3)' =740 (R - 0*202), 

r- 
Fig. I;. - - I 

;AND DRY -2 SAND SATURL 
A T  IBM 319 .. . . _. ___._ ... ._ ___.  _ _  __. .... ~ .--- 

6 

-7 

l 
J 
12 17 

WATER IN BAND: PERCENT.  

The  ratios  obtained  by  experiment  may now be compared with 
those  deduced by means of the  Rankine  theory from measurements 
of the  angle of slope of the  sand :- 

(l) DRY SAND. 

Ratio by Rankine  theory . . . . . ' 0,339 
Ratio by experimental measurement of the 

0.296 1 0.320 

ratio of pressures . . . . . . . }I 0.336 0.305 1 0.319 
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Thus,  with a material as postulated by the theory, the  results 
are comparable, and  agree remarkably. It is  evident, therefore, 
that  the causes of the disagreement generally found are chiefly- 

(U) The  support of the  walls; 
( B )  The influence of moisture ; 

(c> The influence of t,he rahe of loading. 

(2) W E T  ~ A K D .  

and  in experiments- 

Mean ratio by empirical formula . . . 0.319 

Mean ratio by experiment . . . . . 10.319 
l 

The  largest difference between the  ratio as obtained by  the 
formula  and  by  experiment is therefore about 2 per  cent. 

The minimum value of It would thus be 8, very  nearly,  when t,he 
interstices  are  half filled up. 

It is  thus seen that  the  horizontal  thrust is greatest  when  the 
sand is dry,  or  when it is saturated  with  water;  that it 
diminishes to a minimum between these  limits and then increases 
again;  and  that  the  value of this decrement for any  particular 
percentage  diminishes as  the pressure increases. I n  actual 
practice  the  sand or earth would ppobably be in  a condition 
neither  dry nor very wet, and hence the pressure would be less 
than  that  indicated  by  theory. 

I n  the  light of the foregoing experiments i t  can be  seen that 
experiments on pressure-boards or  miniature walls, backed by a 
fine material such as sand,  cannot be expected to  give satisfactory 
results unless great pressures are used and  the local influence of 
the  walls is eliminated. If a larger-grained  material, such as 
gravel, is used, in  order to  get over the moisture difficulty, then, 
unless the dimensions of the  experiment  are increased in  propor- 
tion, the  results  are of little value,  since the  angle of repose of a 
small  quantity of materid  with  large  grains  may be  dependent 
to a large  extent upon  geometrical considerations. Nor, except 
by  the  light  they  throw on general principles, will  thc experi- 
ments of the  Author assist in  determining  the  actual pressure OIL 

any  wall ; they  will  indicate  the maximum value of the  ratio of 
horizontal to  vertical pressure, which, of course, is independent of 
the  proximity of the  wall;  but, since the  vertical pressure is 
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dependent on this  proximity for the  material in question, this  is 
not  of, much  assistance  unless  wall-friction is neglected. However, 
since  they  verify  the expressions given  by  Rankine  and Boussinesq 
for the  particular case of dry sand, they  may  establish a certain 
amount of confidence in  the corresponding  expressions which  take 
into account the influence of the  wall itself. 

It may be seen, however, that  the  action of water  in a fine- 
grained  material follows a well-defined law,  and  that,  with a 
certain  amount of dampness in  the  backing of a wall-an amount 
such  as is probably  obtained with  ordinary drainage-the ratio,  and 
hence the  horizontal pressure, will be less than  that for dry 
material. It appears to  the  Author  that  the  only method by 
which  reliable  results  can be  obtained is to construct gauges, on 
a similar  principle  to  the  diaphragms or sacs used in the  “Emery ” 
testing-machine, and  to  insert  these  behind  walls  during con- 
struction. Records of actual pressures  realized by such  gauges 
would surely form a valuable  addition  to  the knowledgo of thir, 
subject. The  experiments described in this  Paper were carried 
out  in  the  Whitworth  Laboratory of the Owens College, 
Manchester. 

The  Paper  is accompanied by six diagrams, from which the 
Figures  in  the  text  have been prepared. 
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